In the light of the shortcomings of the analytic hierarchy process and other common regional sustainable development evaluation methods, this paper proposes the use of a combination of subjective and objective weights to generate input/output indicators using the Data Envelopment Analysis (DEA) method. Using this methodology, we construct a comprehensive evaluation index which is useful in expanding the application of Data Envelopment Analysis (DEA) in the comprehensive evaluation of sustainable development. Moreover, this paper addresses the shortfalls of the traditional DEA evaluation model and uses the Super-Slack Based Measure (SBM)-Undesirable and DEA-Malmquist evaluation models, which are based on traditional DEA model optimization, to analyze the spatio-temporal characteristics of sustainable development on regional scales. Using China's Yangzte River Economic Belt as an example, an empirical analysis is carried out. We show that analysis results are virtually identical to the extant situation and can objectively reflect the status and abilities of sustainable development in each subregion. Additionally, from the angles of input, output and technological progress, this paper uses the DEA evaluation method to analyze the reasons behind the slow development in several provinces and municipalities along the Yangzte River Economic Belt (YERB). The regional characteristics of each province and city within our study are combined to explore the optimal mechanisms for sustainable development.
Introduction
In the present context of resource shortages, ecological degradation and rapid population growth, the theories of sustainable development guides people into understanding that resources and the environment are not only endogenous variables of societal and economic development, but are also rigid constraints in societal progress and economic growth [1] . As an important carrier of sustainable development strategy, regions play a vital role in the process of sustainable development. With the continuous development of sustainable regional development, theoretical research foci have gradually shifted away from definitions and attributes to comprehensive evaluation. It is of great significance to carefully guide regional sustainable development by conducting comprehensive evaluations of sustainable development. In most developing countries, insufficiently systematic and comprehensive assessments, in addition to putting undue emphasis on using GDP as a main indicator of regional sustainable development levels without considering resources and the environment as rigid constraints, has led to severe problems with their resources, environment and populations [2] . Presently, though possessing the world's second largest economy, China is however also the largest energy consumer and carbon emitter. Thus, one cannot ignore the effect that China's development has on the global ecological environment. Consequently, sustainably implementing development is the singular path upon which China must tread and is an urgent demand internationally. This paper provides a comprehensive evaluation of regional sustainable development, providing China's Yangtze River Economic Belt as an example. Through a combination of entropy and DEA methods, a practical and operable comprehensive evaluation index system is built for regional sustainable development, to realize an objective and accurate evaluation of regional development status. Accordingly, it puts forward countermeasures and suggestions to effectively guide the specific practice of regional sustainable development.
Research Status
In order to harmonize national and regional ecological, economic and social benefits, we construct a set of practical and operable regional sustainable development evaluation models, using them as sound justification to formulate and adjust regional policies. It is aimed at realizing an objective and accurate evaluation of the level of regional sustainable development, and to investigate the reasons for why sustainable development in an evaluated object is encumbered. The results of comprehensive evaluation of regional sustainable development are usually based on the establishment of evaluation index system reflecting social, economic, resource, environmental and institutions at various levels. Index weights are determined by the Delphi Method, analytic hierarchy process (AHP), Grey Relational Analysis and Principal Component Analysis (PCA) [3] [4] [5] [6] [7] [8] [9] . Then, the weighted average of index values is used to calculate evaluation results. This kind of evaluation method carries the sustainable development appraisal to the weighted average of the evaluation index value through the system science index system establishment and the reasonable index weight determination. It is characterized by its ability to scientifically reflect the level and ability of sustainable development in a specific region. However, it cannot be ignored that these evaluation methods also have obvious shortcomings. Firstly, although the evaluation results can only rank evaluated objects and are unable to explain the reasons behind that ranking, nor can they provide a basis for future development through optimization. Secondly and more importantly, such methods to a certain extent also conceal the costs of sacrificing resources and the environment for social progress and economic growth. Because weighted averages were used in the calculation of evaluation results, higher economic and social evaluation index values compensate for lower resources and environment index values. Thirdly, the number and total weight of the resources and environment evaluation indices are usually fewer/less than those of the economy and society, which makes it easier to compensate for higher economy and society indices. Combining this with the on the ground reality of regional development, this is precisely the phenomenon of most developing countries' practice, where resources and the environment are sacrificed for social progress and economic growth. Careful attention should be paid here to avoid embarking on the old road that developed countries in the 20th century have gone through: first consumption, then economy, first pollution, then governance. Therefore, some scholars have tried to apply Data Envelopment Analysis (DEA) to the comprehensive evaluation of regional sustainable development [10] [11] [12] [13] [14] .
DEA is an effective method to solve the comprehensive evaluation problem characterized by multi-input/output and large, complex systems. This method is a non-parametric research method, based on relative efficiency, which uses a mathematical programming model to evaluate decision-making units (DMUs) with multiple inputs and outputs from the perspective of inputs and outputs. This method does not need to restrict the production function and can avoid the subjective decision and objective factor dimensionality, and the impact of a unit's impact on evaluation results. In addition, the DEA evaluation method can measure not only the relative efficiency of each Sustainability 2018, 10, 3897 3 of 18 decision-making unit, but also point out the reasons and extent of its inefficiency, and then provide a regulatory basis for improving the efficiency of DMUs [15] . However, compared with the parameter research method, the DEA method requires less evaluation indices, but if the number of evaluation indices is too large, most or even all DMUs are likely to have effective results. Therefore, the DEA method requires that the product of the number of input and output indicators is less than the number of DMUs, while the total number of input and output indicators should be less than twice the number of DMUs. That is: max{m × q, 2 × (m + q)} < n [16] . However, in the comprehensive evaluation of regional sustainable development, the evaluation index system often contains several evaluation indicators. Therefore, to obtain comprehensive and objective evaluation results of DEA, it is necessary to further rationally generate comprehensive input and output indicators of DEA on the basis of a science-based evaluation index system.
To sum up, this paper takes the comprehensive evaluation of regional sustainable development as an example, according to the requirements of the number of indicators of DEA method, on the basis of constructing the comprehensive evaluation index system of regional sustainable development, and further uses the method of combining subjective and objective weights to generate the comprehensive index of DEA input and output. Then it provides ideas for the application of the DEA method in the comprehensive evaluation of sustainable development.
DEA Evaluation Model

Super-SBM-Undesirable Evaluation Model
The explanation of invalid DMUs by traditional DEA evaluation model only includes narrowing or enlarging the proportion of input and output. But in specific applications, the gap between the current state of the invalid DMU and the strong effective target value is not only included in the part of the equal proportion improvement, but also the part of the relaxation improvement. Based on the above shortcomings, Tone (2003) innovatively incorporated the relaxation variables into the objective function and constructed a non-radial and non-angle DEA evaluation model, which can measure the relaxation variables, namely, the Slack Based Measure (SBM) model. This model can effectively avoid the deviation caused by the difference of radial and angle choice [17] . On the other hand, with the wide application of the DEA model, more and more scholars have found that in some production processes, undesired outputs, such as sewage, waste gas and disasters, will also be produced with desirable and desirable outputs. According to practical significance, the traditional DEA model is no longer suitable for evaluating the relative efficiency of the undesired output DMU only when the undesired output is as efficient as possible DMU. Based on the problem of undesirable output, scholars worldwide have put forward a variety of processing ideas, as shown in Table 1 . At the same time, the traditional DEA model sometimes presents a situation by which multiple DMUs have efficiencies equal to 1, and this has the effect of inhibiting the DEA model from a further evaluation and analysis of those effective DMUs. Therefore, based on the traditional DEA model, Andersen and Petersen (1993) proposed a super efficiency model which can further distinguish DMUs of efficiencies equal to 1 [18] . The disadvantage of treating undesirable outputs as input variables is that the method is inconsistent with reality production process.
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Multiplying undesired output by −1 Seiford et al. (2005) [20] The problem of undesirable output is better solved, but under the influence of strong convexity constraint, the method can only be evaluated in the case of variable scale returns.
3 Non-radial treatment Tone (2010) [21] It effectively solves the problem of non-desirable output and improves the accuracy of evaluation. However, when there are multiple DMU effective, it is difficult to further evaluate the effective DMU. In summary, based on the SBM model built by Tone and its processing methods for undesirable outputs and combining the super efficiency evaluation model established by Andersen and Petersen, this paper constructs a DEA model, the Super-SBM-Undesirable evaluation model, which is suitable for comprehensive evaluation of regional sustainable development.
In this paper, a brief introduction of the SBM-Undesirable model built by Tone is introduced. Based on this, the Super-SBM-Undesirable evaluation model is derived from the basic idea of the super efficiency evaluation model. The SBM-Undesirable evaluation model, based on scale returned unchanged, is constructed as follows:
where ρ is the comprehensive technical efficiency value of target DMU. The greater the value of A, the higher the level of sustainable development in the region; λ represents the weight vector, and indicates the importance of input and output indicators to regional sustainable development; k represents the kth DMU. That is, the kth evaluated area; s − , s g+ and s b− represent the slack of input, desirable output and undesired output respectively. That is, in the process of regional development, the amount of input value and unexpected output value should be reduced, and the amount of expected output value should be increased. The actual input value of the DMU and the denominator of the objective function are reduced or expanded in proportion to the output value relative to the production front. That is, input and output inefficiency. From Equation (1) we can see that the SBM-Undesirable model puts the input and output slack directly into the objective function and measures the gap between the relaxation of the variable and the best production frontier. This method solves the slack problem of input and output in the traditional DEA model, and solves the problem of comprehensive technical efficiency evaluation under the assumption of undesirable outputs.
The core idea of the super efficiency DEA evaluation model constructed by Andersen and Petersen is to remove the evaluated DMUs from the reference set. In this method, DMU efficiencies are derived from regions with the highest values, so that the efficiencies of effective DMUs will be greater than 1, allowing the further partitioning of effective DMUs. Based on the above principles, Super-SBM-Undesirable evaluation model as derived from a harmony of the SBM-Undesirable and super efficiency evaluation models is defined as follows:
The Super-SBM-Undesirable model is simultaneously able to measure DMU efficiency and can also calculate DMU input and undesirable output redundancy rates, in addition to desirable output rate of insufficiency. When ρ * < 1, DMU is ineffective and the level of regional sustainable development is low, the sources of inefficiency of the evaluated unit can be decomposed into [23] :
where IE x indicates the input redundancy rate, the proportion of input elements can be reduced in the process of regional development; IE g indicates insufficiency of desirable outputs, the output can expand the proportion in the process of regional development; IE b indicates the undesirable output redundancy, the undesired output can be reduced in the process of regional development; the other variables are consistent with Equation (2).
Above we can see that the Super-SBM-Undesirable evaluation model constructed in this paper has three significant characteristics: firstly, it is able to measure relaxed input and output variables; secondly, it fully considers and effectively solves the problem of undesirable outputs; third and finally, it can carry on a further evaluation and analysis of the effective DMUs. Therefore, compared with the traditional DEA model, the Super-SBM-Undesirable model is more accurate and can more faithfully evaluate and analyze regional sustainable development.
DEA-Malmquist Productivity Index Evaluation Model
On the one hand, based on the Super-SBM-Undesirable model, this paper analyzes the comprehensive technical efficiency of regional sustainable development across different temporal cross-sections, and on the other, uses the DEA-Malmquist productivity index evaluation model from a spatial cross-section to analyze a region's past total factor productivity (TFP) throughout production histories. Fare et al. (2007) constructed a Malmquist productivity index M(x t+1 , y t+1 , x t , y t ) from t to t + 1. Decomposition is achieved using the first order difference method and the relationship between the changes of comprehensive technical efficiency, production technology, and TFP in the two separate periods where DMU is objectively evaluated. The equation is as follows [24] : where TFPC, EC and TC respectively represent the change index of TFP, the change index of the comprehensive technical efficiency and the change index of production technology, from t to t + 1; a TFPC greater than 1 indicates that the level of regional sustainable development is on the rise; EC greater than 1 indicates that regional management level is on the rise in the process of regional sustainable development; TC greater than 1 indicates that regional production technology is on the rise in the process of regional sustainable development; (x t , y t ) and (x t+1 , y t+1 ) respectively represent input vectors and output vectors from t to t + 1; D t (x t , y t ) and D t (x t+1 , y t+1 ) respectively represent the distance function of DMU in the period of t and t + 1 when referring to the production technology of t period; D t+1 (x t , y t ) and D t+1 (x t+1 , y t+1 ) are the distance functions of DMU in the period of t and t + 1 when referring to the production technology in the t+1 era. Considering the variable return on scale, EC can be further decomposed into the change index of pure technical efficiency (PTEC) and the change index of scale efficiency index (SEC) between t and t + 1. PTEC greater than 1 indicates that regional management level has been improving continuously in the process of regional sustainable development. SEC greater than 1 indicates that regional resource allocation structure is constantly improving. Not only can the refined decomposition explain the specific reasons for the changes in comprehensive technical efficiency, but also explain the changes in TFP. The decomposition is carried out as follows:
Examples of Application-Comprehensive Evaluation of Sustainable Development of the Yangtze River Economic Belt
The Yangtze River Economic Belt (YERB) covers 11 provinces and municipalities (the upper reaches are Guizhou, Sichuan, Yunnan and Chongqing; the middle reaches are Hunan, Hubei, Jiangxi and Anhui; the lower reaches are Jiangsu, Zhejiang and Shanghai), representing about 45% of China's GDP. Approximately 600 million people are nurtured on a land area covering 2.05 million square kilometers and occupies a critical position with great development potential in the China's future development. Therefore, studies on sustainable development throughout the YERB will play an important guiding role in the future development of the entire Chinese economy.
Establishing an Evaluation Index System
Establishing a systematic and scientific comprehensive evaluation index system is a key step in the comprehensive evaluation of regional sustainable development of the YERB. It is not only a judgment basis for the level and trend of sustainable development of the YERB, but also a necessary basis for formulating countermeasures to sustainable development regulations in the future. In applying the DEA method to evaluate the level of sustainable development in the YERB over the previous decade, it has been required that during the establishment of an evaluation index system, it should not only meet basic DEA method requirements, but also follow the three principles of purposefulness, comparability and operability. This paper establishes a comprehensive evaluation index system for the sustainable development of the YERB, which includes input, desirable and undesirable outputs (as shown in Table 2 ). Based on the principles of input and output, we take resource consumption, urban construction, education, science, technology, culture and medical development, in addition to social security, economic development, pollution and disasters, as the variables by which we can systematically and scientifically assess YERB sustainable development. To ensure the index system is as scientific as possible, this paper draws lessons from the relevant literature on the setting of indicators at all levels, giving priority to the selection of indicators that appear most prevalently. Subsequently, based on these indicators, other representative and comparative indicators have been added. In addition, the final determination of the index system required the solicitation of the opinions of experts from university experts, scientific research institutes, planning departments, environmental departments, statistical departments and so on. Due to a limitation of space, those are not expounded upon individually. 
Construction of DEA Input and Output Comprehensive Index
The objective weight of each index is obtained by the entropy method, while the subjective weight of each index is obtained by referring to relevant literature and expert consultation. Based on the idea of combining subjective and objective weights, this paper synthesized 29 three-level indicators into the input, desirable output and undesirable output as required by DEA evaluation model, including five comprehensive indicators: natural resources consumption, social resources consumption, social development, economic development, pollution disasters and accidents. The specific steps for generating comprehensive indicators are as follows:
Data Acquisition and Standardization
Several datasets were directly extracted from the 2007-2016 China Statistical Yearbook [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , China Statistical Yearbook on Environment [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , China Energy Statistical Yearbook [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] , in addition to the provincial and municipal statistical yearbooks.
Given the varying dimensions and magnitudes of the original sample data values, a standardization exercise must be carried out before comprehensive indices are synthesized. Many methods are available to achieve this, including but not limited to, maximum standardization, Z-score standardization and Sustainability 2018, 10, 3897 8 of 18 decimal standardization. This paper chooses the most commonly used maximum standardization method to process the original data to eliminate dimension variability. The basic formula of maximum value standardization is:
where X i represents the standardized value, x i represents the original value before standardization, and i represents the ith evaluation unit of n evaluated units.
Determining Index Weight
The determination of index weight includes two stages: firstly, the weight of each third-level index under the second-level index is determined; secondly, the weight of each second-level index under the first-level index is determined. If a secondary index contains only one tertiary index, such as "land" and "water", the weight of the lower Tertiary index can be regarded as 100%. Taking the weight of the two-level index "urban development" as an example, the specific process of determining the index weight is as follows:
Determination of objective weight. The objective weights of four third level indices, namely, θ 1 , θ 2 , θ 3 , θ 4 , are obtained by the entropy method; Determination of subjective weight. By referring to relevant literature and consulting experts' opinions, the subjective weights of the three-level indices, namely, α 1 , α 2 , α 3 , and α 4 were obtained. Final determination of index weight. By synthesizing subjective and objective weights, we can get the weights of the three-level indicators under the secondary indicators of urban development:
The weight of each evaluation index is shown in Table 3 . Based on the weights of three-level and two-level indicators, five first-level indicators of natural resources consumption, social resources consumption, social development, economic development, pollution disasters and accidents are deduced, which are X 1 , X 2 , Y 1 , Y 2 and Y 3 . Taking the deduction of the first level index of social resources consumption of the ith object as an example, the derivation process is as follows:
(1) The derivation of two-level index values. The two-level indicators are: γ 211 X 211,i + γ 212 X i212,i . Among them, γ 211 and γ 212 respectively show the proportion of investment in environmental pollution control to GDP and the weight of per capita investment in fixed assets; X 211,i and X 212,i are the third-level indicators under the ith evaluated object. The ratio of investment ith environmental pollution control to GDP and the per capita investment ith fixed assets after standardization are listed respectively. Because there is only one third-level indicator under the second-level indicator "labor", the comprehensive index value of labor force is the standardized index value of the third-level indicator "employment proportion".
(2) The derivation of the first level index value. The weights of "capital" and "labor force" secondary indices are expressed by γ 21 and γ 22 respectively, and the index values of "capital" and "labor" secondary indices are expressed by X 21,i and X 22,i respectively. Then the comprehensive index value of the first-level index of social resources consumption of the ith evaluated object is:
Result Evaluation Analysis
The Super-SBM-Undesirable and Malmquist productivity index evaluation models are constructed by taking natural and social resources consumption as input indices, while social and economic development were listed as desirable output indices, leaving pollution, disasters and accidents as undesirable output indices. Model evaluation results are computed using MATLAB.
Based on the comprehensive technical efficiency of the provinces and municipalities identified in Section 4, this paper analyzes the spatial and temporal evolution of the overall level of sustainable (a). Through the geographical distribution map of the mean of sustainable development efficiency in Figure 1 , we can find that the overall level of sustainable development of the YERB is not very high. Among the 11 provinces and municipalities, only Shanghai and Guizhou have an average annual comprehensive technical efficiency of more than 1. That is, only Shanghai and Guizhou have achieved optimal levels of input and output during the study period. While vigorously developing their socioeconomic situations, Shanghai and Guizhou have paid attention to the efficient allocation of resources, the protection of ecological environment, the prevention and control of natural disasters and the maintenance of social order.
(b). Furthermore, from Figure 1 , we can see that the comprehensive technical efficiency gap between the 11 provinces and municipalities in the YERB is growing. In 2006, the technical efficiency variance of 11 provinces and municipalities was 0.024 and the extreme value was 0.477, among which Shanghai (1.215) had the highest efficiency and Jiangxi (0.738) had the lowest efficiency; In 2010, the technical efficiency variance of 11 provinces and municipalities was 0.056 and the extreme value was 0.764, of which Shanghai (1.326) was the most efficient and Yunnan (0.561) was the least efficient; By 2015, the technical efficiency variance of 11 provinces and municipalities was 0.107, the extreme value was 1.074, the highest efficiency was Shanghai (1.584), and the lowest efficiency was Jiangxi (0.509). We can see that comprehensive technical efficiency of the YERB has continuously deteriorated. In 2006, the average technical efficiency of 11 provinces and municipalities was 0.988, of which 7 provinces and municipalities had efficiency greater than 1, with no provinces and municipalities with efficiency less than 0.6. In 2010, the average technical efficiency of 11 provinces and municipalities was 0.903, of which 5 provinces and municipalities were more than 1, and 1 provincial and municipality was less than 0.6. In 2015, the average technical efficiency of 11 provinces and municipalities was 0.785, of which only 3 provinces and municipalities had efficiency greater than 1 and 3 provinces and municipalities had efficiency less than 0.6. It shows that 11 provinces and municipalities in the YERB have facilitated many types of development in the past ten years. The level of sustainable development varies among provinces and municipalities. In exploring the road of sustainable development, there are not only provinces and municipalities with successful transformation of development mode, but also provinces and municipalities with backward development mode. Due to the different development concepts and objectives of the provinces and municipalities, the gap of technical efficiency between the provinces and municipalities in the YERB is widening. On the other hand, because of the influence of international and national environment, most of the 11 provinces and municipalities take GDP as the main index to measure the development level of the region, ignoring the constraints of resources, environment and social order, and ultimately make the overall governance efficiency of the economic belt deteriorating.
(c). In the upper reaches of the YERB, the comprehensive technical efficiency level of Guizhou in the past decade has always been in a relatively effective state, with an average value of 1.176; The efficiency level of Sichuan has changed from slow decline in 2006-2010 to high-speed growth in 2010- (a). Through the geographical distribution map of the mean of sustainable development efficiency in Figure 1 , we can find that the overall level of sustainable development of the YERB is not very high. Among the 11 provinces and municipalities, only Shanghai and Guizhou have an average annual comprehensive technical efficiency of more than 1. That is, only Shanghai and Guizhou have achieved optimal levels of input and output during the study period. While vigorously developing their socioeconomic situations, Shanghai and Guizhou have paid attention to the efficient allocation of resources, the protection of ecological environment, the prevention and control of natural disasters and the maintenance of social order.
(c). In the upper reaches of the YERB, the comprehensive technical efficiency level of Guizhou in the past decade has always been in a relatively effective state, with an average value of 1.176; The efficiency level of Sichuan has changed from slow decline in 2006-2010 to high-speed growth in 2010-2015. By 2015, the efficiency of Sichuan has reached 1.023, becoming one of the three effective provinces and municipalities; The efficiency level of Chongqing and Yunnan dropped sharply, from 1.014 to 0.671 and 1.022 to 0.568 respectively. Hunan, Hubei, Jiangxi and Anhui, located in the middle reaches of the YERB, have the same level of development resources and conditions because of their similar geographical location, and have the same level of development policies, resulting in similar trends in the level of efficiency change, showing a yearly gradual decline. Then, the efficiency level of Jiangsu and Zhejiang located in the lower reaches of the YERB is low and decreases yearly. It shows that the social progress and economic growth of Jiangsu and Zhejiang, as the major economic provinces in China, have been achieved at the expense of resources and environment in the past decade. Jiangsu and Zhejiang provinces should pay enough attention to the problem, optimize and upgrade the development model in the future, and adhere to the road of sustainable development. Finally, Shanghai, located at the forefront of the YERB, has maintained a relatively effective level of comprehensive technical efficiency in the past decade, and its efficiency value has always been ranked first. With its unique geographical position and policy support, Shanghai has rapidly developed into a financial center of China and an international metropolis. Compared with Jiangsu and Zhejiang provinces, Shanghai's rapid development is not based on sacrificing resources and environment, but on technological innovation, making full use of existing resources, and pursuing the coordinated and balanced development of society, economy, culture and ecosystem.
(2) Analysis of reasons for projection based on production front surface To explore the causes of ineffective comprehensive technical efficiency of the studied provinces and municipalities, a projection analysis from the perspective of input output is presented and determines the gap between the attribute ideal values. In the Super-SBM-Undesirable evaluation model, when the comprehensive technical efficiency is less than 1, the size of relaxation variables s − , s g+ , s b− reflect the reason of efficiency loss. IE x , IE g , IE b respectively represent the input redundancy rate, desirable output insufficiency rate, undesirable output redundancy rate. Taking 2015 as an example, this paper makes a static projection analysis of the ineffective provinces and municipalities from three angles: input redundancy, desirable output insufficiency and undesirable output redundancy rates. According to Figure 1 , there are 8 provinces and municipalities which, based on our assessment are inefficient. In decreasing order of efficiency, they are Jiangxi, Hubei, Yunnan, Anhui, Jiangsu, Zhejiang, Chongqing and Hunan. The slack are shown in Table 4 . From the input point of view, there are different degrees of redundancy in the input of natural resources in the eight ineffective provinces and municipalities (where input redundancy rates are negative), thus resulting in the low utilization efficiency of natural resources, which challenge their future developments. Besides being influenced by the redundancy of natural resources input, the redundancy of social resource inputs is also an important reason for the inefficiency of sustainable development in Jiangsu, Zhejiang and Chongqing. The higher the redundancy rate, the lower the utilization of funds and labor. In the future development process, the three provinces and municipalities need to improve the capital, labor distribution system, management structure and other aspects to achieve the full use of social resources. From the perspective of output, the eight ineffective provinces and municipalities have different degrees of social development output shortage, of which Jiangxi is the most serious, the desirable output shortage rate is 35.99%, followed by Hubei, 34.14%. Those areas are less affected by the insufficient output of economic development, where only Zhejiang is strongly affected by it, where the insufficiency rate of desirable output is 10.79%. It shows that under the goal of sustainable development, the eight ineffective provinces and municipalities should further develop in terms of social progress and economic growth. Among them, the task of the future development of Jiangxi and Hubei is the most arduous. On the undesirable output redundancy rate, there are very high undesirable output redundancies in those areas. It further shows that in the development of the past decade, the development model of the provinces and municipalities is more extensive, running along a single track of pursuing socioeconomic development, rather than also considering the environment which leads to ecological deterioration, more frequent disasters, and the need for the stabilization of social order.
Result Analysis of Malmquist Total Factor Productivity Index of Spatial Cross Section
Super-SBM-Undesirable evaluation model is used to evaluate and analyze the relative level of sustainable development of provinces and municipalities in the YERB at a certain time cross-section. However, it cannot reflect the internal factors behind the annual changes in the level of sustainable development of provinces and municipalities from the perspective of their own comparison. Therefore, with the help of Malmquist productivity index evaluation model based on DEA, this paper makes a deeper evaluation analysis of the level of sustainable development of provinces and municipalities from the dynamic spatial cross-section and finds out the key factors that restrict the sustainable development of provinces and municipalities.
(1) overall analysis of the YERB As shown in Table 5 and Figure 2 , it can be found that excluding PTEC, SEC, EC, TC and TFPC greatly fluctuate. Firstly, except for a few years, where EC is concerned, values are basically less than 1. This shows that the overall technical efficiency of the YERB is declining, which is mutually corroborated with the results of the Super-SBM-Undesirable model evaluation above. Secondly, SEC and EC show a trend of synchronous change and are generally less than 1, showing that efficiency has an inhibitory effect on the promotion of comprehensive technical efficiency. Continuing, it also reflects that the YERB has not been in the optimal production scale in the past development process. At the same time, with the rapid development of society and economy, investment and financing for development has gradually increased, there are too many duplicate development investments, thus resulting in the decline of comprehensive technical efficiency. We can also see that PTEC is generally larger than 1, and is increasing year by year, displaying that the internal management system of the YERB is constantly optimized and the management levels have continuously improved, thus promoting the growth of comprehensive technical efficiency. From the perspective of TC, the fluctuation of TC and TFPC is large, and the trend is synchronous. During, and due to, the 2008 international financial crisis, TC and TFPC showed a large decline. It is indicated that the influence of TC is the dominant factor affecting the TFPC fluctuation in the YERB. In other words, the main reason why TFPC in the YERB has fluctuated greatly over the past decade is that the contribution of comprehensive technical efficiency is far lower than that of technological progress, which plays a vital role in the development process. (2) Result analysis of 11 provinces and municipalities
As shown in Table 6 , TFPC in the provinces and municipalities of the YERB in addition to its decomposition shows large degrees of fluctuation over the 2006-2015 period. Only Guizhou, Shanghai and Sichuan have an EC average of more than 1. This is consistent with the conclusion that only Guizhou, Shanghai and Sichuan have improved their comprehensive technical efficiency, while the other provinces and municipalities have shown a decreasing trend. Also, in Table 6 , we can see that only Jiangxi, Yunnan and Chongqing are in decline because of SEC. This shows that those three provinces have failed to make optimum use of resources, which results in the severe problem of resource redundancy during the past development process. Only Zhejiang province has been affected by a diminishing PTEC value. This shows that the internal management structure of Zhejiang does not match the actual management needs. It is recommended that Zhejiang improve its management mechanisms and management level. As total factor productivities throughout the studied regions are mostly less than 1, this then indicates a downward trend. Using mean TFPC, it is Jiangsu, Shanghai and Yunnan have values greater than 1. From the perspective of technical efficiency and technological progress, TFP in Hubei, Jiangxi, Zhejiang, Chongqing, Anhui and Hunan decreased because of the influence of technology, while Anhui and Hunan are also affected by TC. By contrast, Guizhou and Sichuan TFP declined only by TC.
In summary, the provinces with TFPC less than 1 are mainly affected by the change of technological efficiency. At the same time, it also shows that technological progress plays a vital role in improving the total factor productivity of provinces and municipalities. In the future development practice, we should adhere to the technology-oriented, optimize the management structure, make full use of production resources and take the road of sustainable development. (2) Result analysis of 11 provinces and municipalities
In summary, the provinces with TFPC less than 1 are mainly affected by the change of technological efficiency. At the same time, it also shows that technological progress plays a vital role in improving the total factor productivity of provinces and municipalities. In the future development practice, we should adhere to the technology-oriented, optimize the management structure, make full use of production resources and take the road of sustainable development. 
Discussion
In summary, the results of using DEA method to evaluate the sustainable development level of the YERB are basically consistent with the actual situation, objectively reflecting the sustainable development ability of the provinces and cities. This is because, firstly, regardless of whether we assess the problem from the viewpoint of a single input/output index, or a comprehensive input/output index, the input index value of provinces and cities that are evaluated as DEA effective is relatively small, and the output index value is relatively large. On the contrary, the input index value of provinces and cities that are evaluated as ineffective DEA is relatively large, and the output index value is relatively small. Secondly, based on the results of time cross section analysis, we can see that the overall level of sustainable development of the YERB is not optimistic. Among the 11 provinces and cities, only Shanghai and Guizhou have an annual average comprehensive technical efficiency of more than 1, while the other provinces and cities are less than 1. The gap of comprehensive technical efficiency between the 11 provinces and cities is expanding. The main reasons for the inefficiency of the comprehensive technical efficiency of the provinces and municipalities in the YERB lie in the high environmental, disaster and accident undesirable output and natural resource consumption input redundancies, in conjunction with insufficient output of social development, rather than the redundancy of social resources consumption and the lack of desirable output of economic development. Then, based on the results of spatial cross section analysis, we can see that in the past decade, the main reason for the great fluctuation of TFPC in the YERB is that the contribution of comprehensive technical efficiency is far lower than that of technological progress, and technological progress plays a vital role in the development process. At the same time, the fluctuation of TFPC and its decomposition index in various provinces and cities is larger. Therefore, compared with other methods commonly used in the evaluation of regional sustainable development, the application of the DEA method to evaluate regional sustainable development has unique advantages. Applying the DEA method to evaluate regional sustainable development can not only give the relative efficiency of input and output of the evaluated object, but also give the reason and degree of ineffectiveness of the evaluated object and provide the basis for the early warning and regulation of sustainable development.
Conclusions and Insights
On the basis of establishing the comprehensive evaluation index system of regional sustainable development, this paper used the method of combining subjective and objective weights to generate the DEA input and output comprehensive index, and then applies the DEA evaluation method to the comprehensive evaluation of regional sustainable development. Taking the YERB as an example, the following conclusions and implications are drawn:
(1) Different from other commonly used evaluation methods, applying DEA method to comprehensive evaluation of regional sustainable development can effectively provide the basis for early warning and regulation of regional sustainable development. On one hand, the comprehensive evaluation of regional sustainable development based on DEA method is not only able to give the relative efficiency of the input and output of the evaluated object, but also give the reason and degree of invalidation of the evaluated object. On the other hand, the use of DEA method can effectively overcome the commonplace shortcomings of comprehensive evaluation methods which cover up the phenomenon of sacrificing resources and the environment for economic growth and social progress to a certain extent. Furthermore, it can effectively prevent regional development from going too far along the old road that developed countries in the 20th century have gone through: first consumption, then economy, first pollution, then governance. Therefore, the DEA method is very promising for sustainable development evaluation.
(2) Based on the principles of purposiveness, comparability and maneuverability of index system design, this paper designed a comprehensive evaluation index system of regional sustainable development, which includes 5 first-class, 16 second-class and 29 third-class indices. According to the requirement of DEA method on the quantity of indicators, the method of combining subjective and objective weights is further adopted to generate the DEA input and output comprehensive indicators, to provide ideas for the application of DEA method in sustainable development evaluation.
(3) This paper used the optimized DEA evaluation model to analyze the spatial and temporal evolution of the sustainable development level of the whole region and its sub-regions from the static and dynamic perspective. At the same time, this paper analyzed the causes of ineffective sub-regions of DEA from the perspective of input-output and exponential decomposition and put forward some optimization suggestions.
(4) This paper illustrated the importance of carefully selecting the evaluation method and methods by which an index system is to be built. The evaluation results show that on one hand, the sustainable development of the YERB in the past decade is serious, not only the gap between the provinces and municipalities in the comprehensive technical efficiency is widening, but also the efficiency level of the provinces and municipalities is showing a downward trend. On the other hand, the main reasons for the inefficiency of the comprehensive technical efficiency of the provinces and municipalities in the YERB lie in the high undesirable output redundancy of "environment, disaster and accident", "natural resource consumption" input redundancy and the insufficient desirable output of "social development". Rather than the "social resources consumption" and the lack of desirable output of "economic development". Moreover, the evaluation results show that TC promotes TFP, EC inhibits TFP, and once again shows that "production technology is the first productive force." The evaluation results are basically consistent with the actual situation, which objectively reflects the level of sustainable development of the Yangtze River Economic Belt in recent years. Additionally, the evaluation results show that TC has a strong homotropy to the change of TFP and promotes the change of TFP. This evaluation result is basically consistent with the actual situation and objectively reflects the sustainable development level of the YERB in recent years.
(5) Provinces and municipalities with redundant inputs need to improve their capital, labor distribution system, management structure and other aspects to make full use of social resources. Provinces and municipalities that lack desirable output will need to further introduce resources and vigorously develop the society and economy. Provinces and municipalities with high undesirable output need to strengthen the control of the ecological environment, reduce pollution sources and increase investment in environmental control. Based on PTE and SE, suggestions for improving the level of comprehensive technical efficiency are put forward. Provinces and municipalities with PTEC values of less than 1 should consistently optimize their management systems and improve their management levels. Places with SEC values less than 1 indicates that the province and city is not yet in the optimal production scale and need to increase the development of investment and financing, and early warning against duplicate investment, redundant investment phenomenon. Places with TC values less than 1 perhaps can vigorously develop science and technology and promote social and economic development with technological innovation.
(6) It should be indicated that in light of the complex regional sustainable development systems, the construction of the evaluation index needs to be combined with the actual regional development and be constantly adjusted and optimized. The index system established in this paper and the generation of DEA input and output comprehensive index only provide a new idea for the evaluation of regional sustainable development. The setting of each specific index in the index system and the concrete method of the comprehensive generation of the index needs to be continuously improved in practical applications.
(7) Finally, although this paper constructed a Super-SBM-Undesirable model to evaluate the level of regional sustainable development and uses DEA-Malmquist model to analyze the internal factors affecting regional sustainable development, there is no in-depth study of the external factors affecting regional sustainable development. In future research, the Tobit econometric model can be employed to study the external factors affecting regional sustainable development, such as economic scale, industrial structure, population density and any other external factors.
